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@ Injection molded container for food and manufacturing method of the same. 

<E> The present invention provides an injection molded food container which is produced by injection molding a 
i^lyarylene sulfide resin composition containing 20-70% by weight of glass fiber or' glass fiber and other 
Inorganic filler and is excellent in heat resistance, oil resistance and mechanical strength and is suitable as a 
food container used in microwave oven and convection oven having a heater. 

The injection molded food container can be manufactured by injection molding a polyarylene sulfide ^s n 
composition containing 20-70% by weight of glass fiber or glass fiber and other inorganic "^^^^^ ""^'^ 
of which surface roughness is not greater tiian 5 urn, under condition of moid temperature 130-180 C, 
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INJECTION MOLDED CONTAINER FOR FOOD AND MANUFACTURING METHOD OF THE SAME 

The present invention relates to an injection molded food container and metliod of manufacturing of the 
same and more particularly to an injection molded food container which Is excellent in heat resistance, oil 
resistance and mechanical strength and can be suitable for use as food containers for microwave oven and 
convection oven having heater and preferable method of manufacturing the same. 
5 Frozen foods and delicatessens have become very popular with change of life style. 

Heating devices such as microwave oven, convection oven having heater and combined microwave and 
convection oven are widely used for thawing or heating of frozen foods or heating of deiecatessens owing to 
their convenience. 

Furthemiore. with change of eating habits, it is commonly earned out to cook bread by heating devices 
10 such as convection oven having heater or combined microwave and convection oven. 

On the other hand, synthetic resins, for example, polyesters such as polyethylene terephthalate, 
polycarbonate, polyolefins such as polypropylene, polystyrene and polyvinyl chloride resin have been used 
for various containers. 

When foods are heated by the above-mentioned heating devices, ttiere are used containers made of, 
75 for example, polycarijonate. polypropylene, polyester, inorganic filler-containing polypropylene. 

However, these conventional containers for heating foods can stand heating by microwave oven, but 
have the problem that when they are heated at about 250*0 by convection oven having heater which 
becomes popular from the points of feel in eating of the heated food or appearance such as formation of 
broiled marks, they undergo heat distortion and thus cannot be used for this purpose. 
20 Therefore there need to distinguish between using plastic container for microwave oven and using 
container made by the other material for convection oven having heater. Its distinction is too inconvenience. 
For its reason plastic container does not spread widely to be used in convection oven having heater. 

Furthermore, even when heating is canied out by microwave oven, if content to be enclosed or filled 
therein contains a specific oil, inside surface is often attacked therewith. 
26 As combined microwave and convection oven is spread recently, there are much demand for plastic 
container possible to be used for combined microwave and convection oven. 

The present invention has been accomplished under the above circumstances. 

That is. the object of the present invention is to provide an injection molded food container which Is 
excellent in characteristics such as heat resistance, oil resistance and mechanical strengtii and can be 

30 suitably used in any of heating by microwave oven, convection oven having heater and combined 
microwave and convection oven and besides is high in productivity. 

As a result of intensive research conducted by the Inventor in orber to solve the above problems, it has 
been found that food containers made by injection molding a specific resin composition are excellent in 
characteristics such as heat resistance, oil resistance and mechanical strengtti and can have optional 

35 molded shapes and can be suitably used in heating by any of microwave oven, convection oven having 
heater and combined microwave and convection oven and besides are high in productivity and furttiermore. 
food containers made by injection molding a specific resin composition and further heat treated under 
specific condition possess tiie above merits and in addition are non-odorous at using after heating and have 
excellent characteristics and stability after heatting. Adhesion of protective film to food containers made by It 

40 is further Improved. 

That is. tiie present invention Is an injection molded container for food which is made by injection 
molding a polyarylene sulfide resin composition containing 20-70% by weight of glass fiber or glass fiber 
and other inorganic filler and anotiier invention is an injection molded container for food which Is made by 
injection molding a polyarylene sulfide resin composition containing 20-70% by ^weight of glass fiber or 
45 glass fiber and otiier inorganic filler and is subjected to heat treatment at 150-280* C for 10 seconds - 300 
minutes. 

Any of tiie above containers may have a protective film on at least inner surface and are used for 
convection oven having heater or combined microwave and convection oven. 

An injection molded container for food can be manufactured by Injection molding a polyarylene sulfide 
60 resin composition containing 20-70% by weight of glass fiber or glass fiber and otiier inorganic tiller, using 
metal mold of which surface roughness is not greater than 5 um. under condition of mold temperature 130- 

180' C. . . 

The injection molded food container of the present invention can be obtained by injection molding a 
polyarylene sulfide resin composition which contains 20-70% by weight of glass fiber or glass fiber and 
other inorganic filler. 
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The above polyarylene sulfide resin composition contains at least a polyarylene sulfide resin and glass 

^'"^ The polyarylene sulfide resin has no special Hmitation and there may be used, for example, ttiose which 
are obtained by the known method which comprises carrying out polymerization reaction of halogenated 
aromatte compound with a sulfur source such as alkali metal sulfide In a polar solvent 

Specific examples are those which have p- or m-phenylene group, alkyl-substrtuted phenylene group, 
naphthalene groupp. p.p'-diphenylenesulfone group, diphenylene ether group or p.p -biphenylene group as 
arvlene group and those which are mainly composed of them. Furthermore, as suitable ones, mention may 
be made of block copolymers mainly composed of p-phenylene group such as those whteh contain at least 
70 mol%. preferably at least 85% of recurring unit having p-phenylene group 




and at most 30 mol%. preferably at most 15 mol% of recurring unit having other group such as m- 
phenylene group 




In the form of bkxk in the chain. j u • i ^, 

26 FurthermorB. the polyarylene sulfide resin may be either straight or branched cham polymer or they 
mav be one partially cured with heat or mixtures thereof. 

Melt viswsity of the polyarylene sulfide resin used in the present invention is usually 300-30000 poises, 
oreferablv 400-20000 poises (measured at 300 * C and shear rate of 100 sec"'). • •. 

SI regSd to the Melt Index (Ml) measured by way of ASTM D 1238 (316.5 C. load 5 kg). Ml of l.near 
30 polyarylene sulfide resin used in the present invention is 10-2.000 g/10 min^and Ml of heat cured or 
branched chain polyarylene sulfide resin used in the present invention is 20-1 000 g/ 0 mm. 

The glass fiber may be any of alkali-containing glass, low alkali glass and non-alkali glass and shape of 
this glass fiber has no limitation and Is. for example, milled fiber and chopped ^^"^ ^^^^f^^^^ 
preferred. The glass fiber may be subjected to surface treatment such as silane treatment. Volan treatment 
3S or chromium treatment 

Diameter of the glass fiber Is generally 5-20 urn. preferably 7-15 um. 

Length of the glass fiber is usually 0.1-20 mm. preferably 1-20 mm. If f>ber length ,s less than 0.1 mm 
mechanical strength and heat resistance may be insufficient. If it is more than 20 mm. kneadabllity and 

dispersibility are Inferior and appearance of the resulting container may become poor. 

40 Aspect ratio of glass fiber whose length and diameter are within the range mentioned above is nonnally 

^°"\nTe pre?e?'iLl^tioTihe polyarylene sulfide resin composition may contain other Inorganic fillers in 

^'^'"S.iple of^lSMlS^'anic fillers are silica, calcium carbonate, talc. clay, titanium white, calcium sulfate. 
46 calcium sulfite, mica, zeolite, carbon black, carbon fiber, boron fiber glass P^'^^^^^^^''^^^';"^^^^^^^ ^""^^ ^ 

potassium titanate which are 0.1-30 um. preferably 0.5-1 5 um In particle diameter or fiber diameter. 

Content of the glass fiber or the glass fiber and the inorganic filler In the polyarylene sulfide resin 

composition is usuaHy 20-70% by weight, preferably 30-60% by weight If content of the glass fiber and so 

onlsTess tllL 20% by weight, heat resistance and strength of injection molded food container made 
50 therefrom are inferior and if more than 70% by weight, flowability is decreased to cause deterioration of 

■""tSSelTihe polyarylene sulfide resin composition contains glass fiber and inorganic filler, ixntent of the 
inorganic filler other than the glass fiber Is 10-90% by weight, preferably 20-70% by weight of ttie glass 
fS^(^70% bT^eight) and Content of glass fiber is desirably at least 20% by weight of the polyarylene 

" "'t ;f cTcXwhen only glass fiber is cont^ned in the polyarylene sulfide resin ^-P-™-^^^^^ 
of it is 25-60% by weight, preferably 30-50% by weight. When both of glass fiber and inorganic filler are 
tl!tSnS^Xs ^Z^^ sulfide Lin composition, content of polyarylene sulfide Is 25-60% by weight. 
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preferably 25-50% by weight content of glass fiber is 15-50% by weight preferably 20-40% by weight and 
content of an inorganic filler is 10-50% by weight, preferably 15-40% by weight In case that, the content of 
glass fiber is not less than 50% by weight moldability of polyarylene sulfide resin composition tends to be ^ 
lower. In case that the content of inorganic filler is not less than 40% by weight the polyarylene sulfide 

5 resin composition tends to be brittle and a container made by it tends to be crushed when It Is fallen. 

The polyarylene sulfide resin composition containing polyarylene sulfide resin and glass fiber or glass 
fiber and inorganic filler may contain additional components such as coloring agents such as titanium oxide, 
carbon black, red oxide, cadmium pigments, azo pigments, phthalocyanine pigments, quinacridone pig- 
ments, and dioxazine pigments; and various additives such as flowability improver; stabilizer; releasing 

10 agent crystallization accelerator. It may further contain, as far as attainment of tine object is not inhibited, 
resin components, e.g.. general-purpose resins such as polyolefin resin, vinyl chloride resin and tiielr 
copolymer resin, vinylldene chloride resin, vinyl acetate resin, polystyrene and copolymer resin thereof, 
polyamide resin, polyacetal, polycarbonate, tiiermoplastic polyester resin, polyphenylene oxide and Noryl 
resin, polysulfone. fluoro resin and resin modified by unsaturated carboxilic acid. 

IS When the polyarylene sulfide resin composition contains Uie other components mentioned above, 
content of tiiese components Is generally at most 40% by weight in total. 

It is necessary to Include the other components In the polyarylene sulfide resin composition so as not 
to be deterioration of heat resistance of it. For preventing the deterioration of heat resistance, there need to 
select suitable resin which can not make heat distortion temperature of ttie polyarylene sulfide resin 

20 composition varied from the other components and to detemnine ttie content of it It is important for the 
injection molded food container of the invention to have high heat resistance. The heat distortion 
temperature of It (measured by ASTM D648 264 PSI) is not less than 260* C. preferably not less tiian 
265* C and more preferably not less than 270* C. It is also Important for tine injection molded food container 
of the invention to have good highHmpact properties. Izod Impact strength measured witii notch Is not less 

26 tfian 3 kg.cm/cm, preferably 5 kg.cm/cm. 

The injection molded food container of tiie first invention is obtained by injection modllng the above 
mentioned polyarylene sulfide resin composition. 

Heating temperature (cylinder temperature), injection pressure and mold temperature in injection 
molding vary depending on the composition of the polyarylene sulfide resin composition and so cannot be 

30 simply specified, but usually heating temperature (cylinder temperature) is about 280-350 *C, injection 
pressure is about 300-1500 kg/cm^ and mold temperature is about 130-180* C, preferably 135-170* C. The 
surface roughness of metal mold is not greater tiian 5 um. preferably not greater than 4 um. In case ttiat 
the surface roughness of it Is greater than 5 um, glossiness of ttie container of tiie invention. In case that 
the mold temperature Is below 130' C. a surface of the container tends to have flow-mark caused by relief 

35 of glass fiber so that visual surface of the container becomes bad and value of it as a commodity becomes 
lower. 

Shape of food container made by Injection molding has no limitation as long as it has a portion for 
containing food and it may have any shape of tray, cup. tank, box and other shapes. The surface of the 
container may have ground pattern such as satin pattern, cut pattern, and rugged pattern. 

40 Such shape and pattern can be optionally obtained by injection molding tiie polyarylene sulfide resin 
composition. Although the above-mentioned shape and pattern can be obtained by metfiods other than 
injection molding such as compression molding, extrusion molding and st'etch blow molding, it is 
impossible by these molding methods to produce containers of high strength and high heat resistance In 
optional shapes from the composition containing glass fiber In an amount of at least 20% by weight. 

46 It is prefenred in the present Invention to further subject the injection molded container to heat tireatment 
at 150-280' C, preferably 170-260* C for 10 seconds - 300 minutes, preferably 1-200 minutes. 

By tiiis heat treatment odoriess property at heating and adhesion of protective film if this Is provided 
can be further improved without damaging the excellent heat resistance, oil resistance and strength of ttie 
injection molded container. 

50 Furttiermore. mechanical strength and heat resistance of ttie polyarylene sulfide resin composition 
become higher and more stable tsecause wetting property of glass fiber or Inorganic filler and crystal- 
llzability of polyarylene sulfide are improved by ttiis heat treatment If the heat tireating temperature Is lower 
than 150'C or heat treating time is shorter than 10 seconds, the above effects cannot be sufficiently 
exhibited. On ttie other hand, even if ttie heat treating temperature Is raised to higher than 280* C or tiie 

ss time is prolonged to more than 300 minutes, improvement of effects cannot be seen and rather heat 
deformation of the container results. 

The heat treatment may be conducted under atmospheric pressure or reduced pressure. Furttiermore, it 
may be conducted in water vapor or hot water. By this heat treatment odorless property at heating and 
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adhesion of orotective fllm if provided o* the container can further be improved. 

Hrever treating temperature when the treatment Is conducted in air under atmosphenc pre^^ 
or redu^^ pressure Is preferably 200-280- C and heat treating temperature when .t .s conducted m water 

ruCN^-oVe?;S2 container with or without the heat treatment may have a protective 

'■"^s'^p'^^clrSirL"^^ or action to improve sticking resistance, oil resistance, scuff resistance, 
odorless property and appearance of the injection molded food container of the present inventon 

T^te protective film having such function or action can be formed by coating epoxy cof "Qjisent, 
acrync citing agent, fluorine^ntained resin coating agent and the like or by plahng. vapor deposrtion or 

soutterinq of, for example, nickel and copper. ^ x ^ « 9u,^r;^^ 

^ona ttese meftods for formation of protective film, preferred is a method of coat^^ng a fluonne- 
conS reSn^atlng agent such as polytetrafluo««thylene. polyvinyl fluoride, or polyvinyhdene fluonde^ 
~SSo^f the pr<Sec?ve film, it is- preferred to carry out surface treatment of the surface on which *e 
ISve film is to be fomied such as Inner wall surface to enhance adhesion ofthe protecbve f. Im tt.ereto. 

SucJT surface treatment includes, for example, sand-blasting. 
corona discharge treatment, chromic acid treatment, flame treatment, ho^ air^tment. and t«a*nente ^ 
S^"ng 4ents%uch as hydrogen peroxide, acetic acid or mixtures thereof. Preferred is treatment wrth 
treating agents such as hydrogen peroxWe. acetic acid or mixtares thereof. 

ThTcSess of the protective film is not critical, but onJinarlly about 0.1-20 um suffices^ 
The injection mokied food container of the present invention can be surtably used ^"^^^^^ 
such as frozen foods and delecatessens contained therein by any of microwave oven, convection oven, and 
combined microwave and convection oven, especially even when it is heated by ""'^^fo" 

tLe present invention will be explained further specifically by the foBowIng examples and comparative 

35 examples. 
Example 1 

A box-shaped injection molded food container of 150 mm x 100 mm x 50 mm wHh thickness of each 
oortton o? 3 mrn was prepared by injection molding a polyphenylene sulfide resm compositon having the 
^^^^rPPS-ZOole' roanutaM by Idemitsu Petrochemical Co.. "cl.) by an .njec^ion 
mSng [Clalnping Pressure: 150 tons, molding pressure: 800 kg/cm^. cylinder temperature: 

330* C. mold temperature: 135* C and surface roughness of mokl; 2.0 urn]. 

Polyphenylene sulfide resin composition 
g/10 min (temperature; 316.5 C. lord; 5 kg)] 

Glass fiber (length: 3 mm. average diameter: I3um) 30% by weight 

Calcium carbonate (average particle diameter 10 um) .... 35% by weight ^ ^ 

Z m fobtained fo^d container was evaluated on heat resistance and test P'e~^"^°f^ ""J.^^^^ 
same condition was evaluated on heat distortion temperature, flexural strength and odor by the following 
mdthods The results are shown In Table 1 . ^ . 

!S rii^c« The container was left to stand at 260* C for 1 hour and thereafter appearance of this 

container was evaluated by the following three grades. 
3 ... No change occurred. 

2 Slight discoloration occurred, but this was practically acceptable. 
1. ... Much difemiation occurred, so that the container was not able to be used. 
Heat distortion temperature: According to 264 PSI (conforming to ASTM D648) 

1% electric oven for home use (output: 1200 W) and cooked at a heating temperature of 260 C and odor 
in the oven In this case and evaluated by organoleptic examination. 
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Example 2 

A box-Shaped injection moided food container of 150 mm x 100 mm x 25 mm with tfiicloiess of each 
portion of 2 mm was prepared by injection molding a polyphenylene sulfide resin composition having the 
following composition ("PPS-IOOSG" manufactured by Idemitsu Petrochemical Co., Ltd.) under the same 
conditions as in Example 1. 



Polyphenylene sulfide resin composition: 

70 

Polyphenylene sulfide resin 60% by weight 

Glass fiber (length: 3 mm. average diameter 13 urn) 40% by weight 

The thus obtained food container and test piece were evaluated in the same manner as in Example 1 
and the results are shown in Table 1 . 

Example 3 

The injection molded container of Example 1 was placed In an oven and heat treated at 250* C for 60 
20 minutes and then the container was cooled by leaving it at room temperature. Then, inner wall surface of 

the portion of the container where food is to be contained was subjected to Teflon coating to obtain an 

injection molded food container of the present invention. 

This container was evaluated on heat resistance, heat distortion temperature, flexural strength, odor, and 

adhesion of the protective film. The results are shown in Table 1. 
25 Evaluation of the protective film was conducted in the following manner: 

Adhesion of protective film: The container was put in the center of convection type electric oven for home 

use (output 1200 W) and was left to stand at 260 ' C for 1 hour and degree of peeling of the protective film 

was visually evaluated. 

Example 4 

Example 3 was repeated except that Teflon coating was not carried out. The results are shown in Table 

1. 

Example 5 

Example 3 was repeated except that heat treatment was not carried out. The results are shown in Table 

40 1. 

Example 6 

46 Example 4 was repeated except that tiie heat treating temperature was changed from 250* C to 180* C. 
The results are shown in Table 1 . 

Comparative Example 1 

50 

An injection molded container was prepared in the same manner as in Example 2 except tiiat a 
polyethylene sulfide resin composition containing 10% by weight of glass fiber was used. The results of 
evaluation are shown In Table 1 . 

65 

Comparative Example 2 

An injection molded container was prepared in the same manner as in Example 1 except that a 
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70 



polyethylene terephthalate resin composition having the following connposition ("TOUGHEIGHT A300" 
manufactured by Idemitsu Petrochemical Co.. Ltd.) was used in place of the polyphenylene sulfide resin 
composition ("PPS-200SG" manufactured by Idemitsu Petrochemical Co., Ltd.) and then the inner wall 
surface of the portion of the container in which food is to be contained was subjected to Teflon coating. 

Polyethylene terephthalate resin composition: 
Polyethylene terephthalate resin ... 70% by weight 

Glass fiber (length: 3 mm, average diameter 13 ixm) 30% by weight 

Example 7 



Example 1 was repeated except that talc (average diameter; 3 jLtm) was used in place of using calcium 

75 carbonate. 

The results are shown in Table 1 . 

Example 8 

^ Example 1 was repeated except that linear polyphenylene sulfide having melt viscosity of 1.000 poise 
and melt index of 0.24 g/10 minute was used in place of polyphenylene sulfide in example 1. 

The results are shown in Table 1 . ^ ^ 

In case that example 1 was repeated except that a metal mold having its roughness of 7 um was used. 



25 glossness of a container was bad. ^^-^ « ^ ^ 

In case that example 1 was repeated except that molding temperature was 120 C, flow mark h^pened 
on a surface of a container caused by relief of glass fiber. 
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According to the present invention, an injection molded food container having various advantages as 
ffientioned below can be provided. 

(1) Since the container is made by injection molding a polyaryiene sulfide resin composition 
5 containing a polyaryiene sulfide resin excellent in properties such as heat resistance, oil resistance and 

mechanical strength and besides a specific amount of glass fiber or glass fiber and other inorganic filler, the 
container can be suitably used not only for heating of foods such as frozen foods or delicatessens by a 
microwave oven, but also for heating of them by a convection oven or a combined microwave and 
convection oven which are higher in heating temperature. Accordingly cook has no need to consider which 
TO oven Should be used for heating food in a container of the invection. . 

(2) The container can be easily produced by Injection molding and hence productivity thereof is high 

(3) The container is further improved in odorless property and adhesion of protective film thereto if 
this is provided, by subjecting it to a specific heat treatment ^ . « . 

<4) The container is further improved in scuff resistance and strength by providing the protective film. 
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Claims 

1 An injection molded food container which is produced by injection molding a polyaryiene sulfide 
resin composition containing 20-70% by weight of glass fiber or glass fiber and ottier inorganic filter^ 

2. An injection molded food container according to claim 1. which is further heat treated at 150-280 C 

for 10 seconds • 300 minutes. . , « n < 

3. An Injection molded food container according to claim 1. wiwrein the glass fiber has a length of 0.1- 

20 mm and an aspect ratio of 10-10,000. eu . u-. . i»„«th nf i !>n 

4. An injection molded food container according to claim 1. wherein the glass fiber has a length of 1-20 

mm and an aspect ratio of 15-3.000. . x... • ■ • 

5. An injection molded food container according to claim 1. wherein the Inorganic filler is calcium 
carbonate, talc, titanium white, or calcium sulfate. ^ ^ » . «» 

6. An injection molded food container according to claim 1 which has a protective film on at least inner 

30 *^'®"Jj'^2®°*'^o|j,gjj foot, container according to claim 1. which is used for heating in a convection 
oven having a heater or combined microwave and convection oven. 

8 A method of manufacturing an injection molded food container wherein a polyaryiene sulfide resin 
composition containing 20-70% by weight of glass fiber or glass fiber and other inorganic filler is molded by 
injection molding using metal mold of which surface roughness is not greater than 5 urn. under condition of 
mold temperature 130-180' C. 
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